Background Many patients with acute coronary syndromes are offered percutaneous coronary intervention. However, the appropriate indications for, and optimal timing of, such procedures are uncertain. We analysed timing of intervention and associated events (death and myocardial infarction) in the PURSUIT trial in which 9461 patients received a platelet glycoprotein IIb/IIIa inhibitor, eptifibatide, or placebo for 72 h. Other treatment was left to the investigators. 2430 patients underwent percutaneous coronary intervention within 30 days. Four groups were distinguished, who underwent percutaneous coronary intervention on day 1; on days 2 or 3; at 4 to 7 days; or between 8 until 30 days, for eptifibatide-and placebo-treated patients.
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Results
The four groups treated with placebo demonstrated total 30-day events of 15·9% for day 1 percutaneous coronary intervention, 17·7%, 15·0% and 18·2%, respectively, for successive intervals of later intervention. Later intervention was associated with more pre-procedural events (2·2% to 13·7%, P=0·001) which was balanced by a decrease in procedure-related events (12·1 to 3·1%, P=0·001), while the overall 30-day event rates were similar. Eptifibatide-treated patients with percutaneous coronary intervention on day 1 had the lowest rate of 30-day events (9·2%, P<0·05 vs other groups). In this group, pre-procedural risk was only 0·3%, while percutaneous coronary intervention on eptifibatide treatment was associated with low procedural risk (7·2%). The total 30-day event rate for later percutaneous coronary intervention in patients receiving eptifibatide was 14·0 on days 2 and 3, 15·0% for days 4 to 7 and 17·4% for days 7 to 30, respectively.
Introduction
A wide range of treatment strategies have been developed for patients with acute coronary syndromes without persistent ST-segment elevation. These strategies can be categorized as early invasive or conservative [1] [2] [3] . Recent randomized investigations provided evidence of better outcome with an invasive strategy. Similar 30-day and 6-month complication rates were reported in some earlier trials [4, 5] . In particular, the recent FRISC-II study reported favourable survival after an early invasive treatment strategy [6] . The TACTICS trial, incorporating platelet GPIIb/IIIa receptor blocker glycoprotein (GP) IIb/IIIa receptor blockers, demonstrated benefit from invasive treatment too [7] . However, selection of the most suitable therapy in individual patients remains a challenge, and the early application of percutaneous interventions or coronary surgery and the timing of such an intervention is largely dependent on local practice and facilities [8, 9] . Several registries of percutaneous coronary interventions in acute coronary syndromes have reported an increased risk of thrombotic complications during the procedure [10, 11] . This risk was highest in patients treated during the acute phase, and lowest in patients who were stabilized for a few days or weeks by medical therapy. Accordingly, a strategy of 'watchful waiting' has been recommended. The recent introduction of platelet glycoprotein IIb/IIIa blockers, however, may change this paradigm, as these agents prevent thrombotic complications during medical treatment as well as during percutaneous coronary intervention [12, 13] . We attempted to gain insight into the relationship between the timing of percutaneous coronary intervention, the use of glycoprotein IIb/IIIa inhibitors and patient outcome, by analysing data from the large Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) trial of eptifibatide versus placebo in patients with non-ST-elevation acute coronary syndromes [14] .
Methods

Patient population
The design and methods of the PURSUIT trial have been described in detail elsewhere [13] . In summary, patients were eligible if they presented within 24 h of an episode of ischaemic chest pain (>10 min), and had either transient ST elevation (>0·5 mm), transient or persistent ST depression (>0·5 mV), T-wave inversion (>0·1 mm), or elevation of the creatine kinase MB fraction above the upper limit of normal. Patients with persistent (>30 min) ST elevation were excluded. There were no age restrictions. Eligible patients were randomly assigned to treatment with eptifibatide or placebo for 72 h. Additional treatment, including percutaneous coronary intervention or coronary artery bypass grafting (CABG) was at the discretion of the treating physician.
If a percutaneous coronary intervention was performed during the first 72 h, study medication could be continued for another 24 h. The PURSUIT trial enrolled 9461 patients.
Definition of myocardial infarction
The primary efficacy end-point of PURSUIT was a composite of death or non-fatal myocardial infarction at 30 days. Within 18 h of enrolment myocardial infarction was diagnosed on the basis of ischaemic chest pain and new ST-segment elevation. After 18 h, myocardial infarction was diagnosed on the basis of new Q waves, or new or repeated creatine kinase MB fraction elevations above the upper limit of normal. For patients undergoing a percutaneous intervention, a creatine kinase MB fraction elevation more than three times the upper limit of normal was required. End-points were adjudicated by a central Clinical Events Committee. A computerized algorithm was used to review the raw data. If a possible complication was identified, further documentation was collected and the case reviewed in detail. Local investigators also reported whether or not the patient had had an acute myocardial infarction. Discrepancies between the clinical events committee opinion and that of the investigator have been investigated and discussed in detail [15] . This analysis presents data based on the clinical events committee judgement. Differences with analyses that are based on the investigators' opinion are discussed, but the pertinent data will not be shown.
Statistical analysis
There were 2419 patients (26%) undergoing a percutaneous coronary intervention within 30 days of enrolment, without a prior CABG in this period. These patients were divided into four groups of approximately the same size according to the timing of the intervention: within 24 h of randomization (day 1), within 24-72 h (days 2-3), within 73-168 h (days 4-7), and within 169-720 h (days 8-30), respectively. These intervals were divided at complete days to enable comparison with clinical practice, choosing groups of roughly equal size. Chi-squared tests, Student's t-tests and one-way analyses of variance were applied to investigate differences in baseline characteristics between these groups as well as between patients undergoing percutaneous coronary intervention and those not undergoing percutaneous coronary intervention. Results are compared between the four groups with and without eptifibatide. In addition the results are compared with patients treated conservatively.
Adverse cardiac complications (death or myocardial infarction) were separated as occurring during the period of initial medical management (i.e. among all patients before a percutaneous coronary intervention or CABG, if any), within 48 h after the start of a percutaneous coronary intervention procedure (peri-procedural complications), or in the period 48 h after the percutaneous coronary intervention procedure and during 30 days of follow-up (post-procedural complications). The complications were separated to enable detailed insight into procedure-related events, which are likely to be influenced by the timing of the percutaneous coronary intervention. Total 30-day event rate describes the percentage of patients with any event. As multiple events have occurred in certain patients, the sum of pre-peri-and post-procedure events can be higher than the total 30-day (patients-with-) event rate. Complication rates in each of these periods are presented by percentages; the nominator is the number of patients with a complication during the target period, the denominator is the number of patients alive at the beginning of the period. Differences in complication rates between patient subgroups were evaluated by Chi-squared tests. Kaplan-Meier complication curves were calculated for complications occurring during medical management. Log-rank tests were applied to evaluate subgroup differences. Univariable and multivariable logistic regression analyses were applied to describe the relationship between the timing of percutaneous coronary intervention and the risk of death or myocardial infarction, corrected for patient characteristics that influence prognosis [16] . The statistical significance of all tests was stated at the P=0·05 level.
Results
In PURSUIT, 9461 patients were treated with eptifibatide or placebo in addition to other antithrombotic and antiischaemic medication. Of these 9461 patients, 2430 underwent percutaneous coronary intervention within 30 days of enrolment. There were major differences in baseline characteristics between patients undergoing percutaneous coronary intervention within 30 days of enrolment and those not undergoing percutaneous coronary intervention. Of the patients who underwent percutaneous coronary intervention, 620 patients were treated within 24 h of randomization (day 1), 624 within 24-72 h (days 2-3), 614 within 73-168 h (days 4-7), and 561 within 169-720 h (days 8-30). The characteristics of the patient population according to the timing of percutaneous coronary intervention are described in Table 1 . Patients undergoing percutaneous coronary intervention early after enrolment had a more favourable risk profile than those undergoing later percutaneous coronary intervention, as they were younger, less often had peripheral vessel disease, less often STsegment depression on admission, and had a lower mean systolic blood pressure.
Complications during medical management
During medical therapy, in the overall population including patients who subsequently underwent revascularization censored for intervention, the rate of death or infarction increased with time, with the steepest ascent occurring in the first 3 days (Fig. 1) . Complication rates preceding percutaneous coronary intervention in patients undergoing percutaneous coronary intervention were higher than in the overall population, especially in patients who underwent intervention during days 0-3 
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and who were randomized to placebo. Complication rates on medical therapy on day 1 or until day 3 were only 0·7% and 4·3% (Fig. 1) , while pre-procedural myocardial infarction occurred in 2·2% and 8·7% of placebo patients undergoing percutaneous coronary intervention on day 1 and days 2-3, respectively (Fig. 2) . Treatment with eptifibatide was associated with a reduction in end-points: there were 13·2% complications at 30 days in patients during medical treatment randomized to placebo, vs 12·2% in eptifibatide (log-rank P=0·152), excluding events associated with or occurring after percutaneous coronary intervention or CABG.
Peri-and post-procedural complications
A significant relationship was observed between the timing of percutaneous coronary intervention and the rate of peri-procedural death or myocardial infarction (Fig. 2) , with the highest complication rate in the day 1 percutaneous coronary intervention cohort and the lowest complication rate in the days 8-30 cohort. The risk of peri-procedural complications in patients randomized to eptifibatide who underwent percutaneous coronary intervention on day 1 was significantly lower than that in patients randomized to placebo (7·2% vs 12·1%; P=0·001). There were no significant differences in periprocedural complication rates between eptifibatide and placebo in the other percutaneous coronary intervention subgroups (remember that the PURSUIT study medication was administered during the first 72 h of enrolment only; see Method section). Rates of death or myocardial infarction occurring more than 48 h after the percutaneous coronary intervention procedure were low, and neither were related to the timing of percutaneous coronary intervention, nor the initial assignment to eptifibatide or placebo.
Timing of percutaneous coronary intervention, eptifibatide treatment and overall complications during the 30-day follow-up
Among all percutaneous coronary intervention patients, those undergoing percutaneous coronary intervention on day 1 who were randomized to eptifibatide had the lowest 30-day death or myocardial infarction rates (9·2%; Fig. 2 ). This was significantly lower than patients undergoing percutaneous coronary intervention on day 1 who were randomized to placebo (15·9%; P=0·011). Eptifibatide therapy also reduced the 30-day complication rate in patients undergoing percutaneous coronary intervention on days 2-3 compared with placebo, although the difference in event rates (14·0% vs 17·7%) did not reach statistical significance. The 30-day complication rate in all patients undergoing percutaneous coronary intervention during days 4-30 was 16·3%. This was significantly higher than the complication rate in patients undergoing early percutaneous coronary intervention under the protection of eptifibatide (9·2% in the day 1 cohort; P=0·002, and 13·1% in the combined day 1 and days 2-3 cohorts, P=0·007). There was, however, 
Figure 1 Kaplan-Meier curves showing the cumulative incidence of death or non-fatal myocardial infarction during the period of medical treatment alone, censored for percutaneous coronary intervention or bypass grafting if any, in patients randomly assigned to glycoprotein IIb/IIIa inhibition (bold line) or placebo for 72 h.
no evidence of a differential benefit of eptifibatide therapy over placebo between the day 1 and days 2-3 percutaneous coronary intervention cohorts (BreslowDay test of homogeneity of odds ratios: P=0·297). The 30-day death or myocardial infarction rate in patients continuing with medical management was higher (12·2%-13·2%, Fig. 1 ) than in patients undergoing percutaneous coronary intervention at day 1 under the protection of eptifibatide. Results of logistic regression analyses, however, indicate that this difference can largely be explained by the favourable risk profile of those undergoing early percutaneous coronary intervention. After correction for all determinants of risk, as mentioned in Table 1 , percutaneous coronary intervention on day 1 under the protection of eptifibatide was associated with a similar outcome as 30-day medical management (corrected odds ratio and 95% CI: 1·0 [0·7-1·5]). The corrected odds ratios for percutaneous coronary intervention on day 1 plus eptifibatide treatment versus any other percutaneous coronary intervention subgroup were in the range 0·5-0·7. Differences in baseline characteristics as shown in Table 1 may have affected outcome among the early percutaneous coronary intervention cohorts. However, after correction for baseline characteristics by logistic regression, similar results were obtained in an analysis using investigator-defined myocardial infarction as the end-point.
Discussion
The present analysis indicates that outcome is favourable in patients with acute coronary syndrome without persistent ST-segment elevation undergoing percutaneous coronary intervention when such a procedure is performed within 24 h of admission under protection of a platelet glycoprotein IIb/IIIa receptor blocker. Thirtyday rates of death or myocardial infarction were only 9·5% for those undergoing percutaneous coronary 
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intervention within 24 h, while treated with eptifibatide, compared with 14·3% to 16·5% for later percutaneous coronary intervention, or 12·2% to 13·2% for no percutaneous coronary intervention.
Benefit of early revascularization
The recently reported FRISC-II study of an early invasive versus a non-invasive treatment strategy demonstrated a clear benefit of an early invasive strategy and revascularization when appropriate at 6 months and 12 months of follow-up [6] . Patients randomized to the early revascularization strategy in FRISC-II underwent coronary angiography and subsequent revascularization if an obstruction of d70% of the diameter was observed in a major coronary artery. It should be noted that early percutaneous coronary intervention was performed at a median of 4 days after admission, and surgery at 7 days. In FRISC-II non-invasive treatment advised coronary angiography and revascularization when appropriate in patients with refractory or recurrent symptoms. By 10 days, 71% of patients in the invasive group had undergone coronary revascularization, versus 9% in patients allocated to continuing medical therapy. Complication rates (death or myocardial infarction) at 42 days were 8·6% and 11·8%, respectively (P=0·009). These findings were confirmed recently by the TACTICS study (reported at the American Heart Annual Sessions, November 2000) [7] . Earlier randomized investigations, such as TIMI-3b and VANQWISH, failed to demonstrate favourable results of an early invasive treatment strategy [4, 5] . A sizeable proportion of patients in these trials, however, did not undergo early revascularization as assigned, while many patients allocated to a medical treatment strategy underwent an early intervention. It should also be noted that these studies were performed in the pre-stent era and without platelet glycoprotein IIb/IIIa receptor blockers. In TACTICS all patients received a platelet glycoprotein IIb/IIIa receptor blocker, tirofiban, and most patients undergoing percutaneous coronary intervention received stents. In PURSUIT stents were used in 50% of all percutaneous coronary intervention procedures.
The present retrospective analysis does not confirm or refute a benefit for systematic early revascularization. The apparent benefit of revascularization was explained in part by differences in patient characteristics, and was no longer apparent using multivariable analysis. Patients were not randomized to undergo either an early invasive or conservative treatment strategy, but were managed according to the discretion of the treating physicians. The reasons for performing, or not, a specific intervention in a given patient were not recorded in PURSUIT. The indication for intervention in clinical practice should be based on recent guidelines as published by the European Society of Cardiology [17] and the American organizations [18] , taking into account individual risk assessment, particularly elevated cardiac troponin levels and recurrent ischaemia.
Timing of intervention in patients scheduled for revascularization
When a decision to perform a revascularization in a given patient is made, three factors which determine the optimal timing of revascularization should be taken into account: the risk of complications before the intervention, the procedure-related risk and the risk after completion of the procedure. The present analysis confirms earlier observations of the incremental risk of death or myocardial infarction while receiving medical therapy. This risk is particularly high early after admission, and gradually diminishes over time. Treatment with platelet glycoprotein IIb/IIIa receptor blockers and other antithrombotic therapy moderately reduces the risk under medical therapy, as illustrated in Fig. 1 [19] [20] [21] . In patients subsequently scheduled for percutaneous coronary intervention, in the present study, the risk of pre-procedural complications clearly increased with time both in patients receiving placebo as well as eptifibatide ( Fig. 2(a) ). This risk was lower in the latter group, particularly in the first 3 days when the drug was administered.
As in other studies procedure-related complications, particularly myocardial infarction, were most frequent in patients undergoing early percutaneous coronary intervention ( Fig. 2(b) ) [10, 11] . This risk was significantly reduced by the platelet glycoprotein IIb/IIIa receptor blocker, particularly when procedures were performed on day 1. These findings are in agreement with other studies with platelet glycoprotein IIb/IIIa receptor blockers in patients undergoing percutaneous coronary intervention, which revealed a reduction of about 30-50% in peri-procedural thrombotic complications, both with balloon angioplasty and with stents [22] [23] [24] [25] [26] , including patients with acute coronary syndrome without persistent ST-segment elevation [22, 25] . In all patient groups, events after the revascularization procedure were infrequent, and independent of the timing of such a procedure (Fig. 2(c) ). Again, this is in agreement with observations in many other studies of patients undergoing percutaneous coronary intervention, where most events occurred in association with the procedure [22] [23] [24] [25] [26] . In the present study, the reduction of peri-procedural events (within 48 h of a percutaneous coronary intervention) was greater than the reduction of spontaneous events, pre-intervention. Overall outcome was superior in patients undergoing very early intervention, within 24 h or at least within the first 3 days after enrolment, while receiving the platelet glycoprotein IIb/IIIa receptor blocker eptifibatide (Fig. 2(d) ) [6, [22] [23] [24] [25] [26] .
Limitations
This study is retrospective, and selection bias may have contributed to the observations as reported. However, in PURSUIT, the timing of intervention was determined mostly by local facilities and customs. Very early interventions were performed predominantly in the U.S.A., and later interventions in Europe, independent of other patient characteristics (Table 1) . In order to correct for differences in baseline characteristics of patients revascularized at different time intervals, a multivariable analysis was performed. In this analysis, the effect of timing of an intervention on outcome remained statistically significant (odds ratio 0·0-0·7, P=0·002).
However, though the benefit of intervention by a glycoprotein IIb/IIIa receptor blocker within 24 h would be less than reported in this study, there is no evidence that outcome would be worse with early intervention. Therefore it seems appropriate, once a decision has been made to perform a percutaneous intervention in a particular patient, to proceed as soon as feasible, and not opt for a prolonged period of stabilization.
It should also be appreciated that the precise timing of an event in relation the start of a procedure (pre-or peri-percutaneous coronary intervention) is complex, particularly when only limited data are available to the clinical events committee. Peri-procedural myocardial infarction was defined with a higher cut-off value for creatine kinase MB-fraction than myocardial infarction in other intervals. This was chosen to adhere to the original PURSUIT protocol. Analysis with other cut-off values for myocardial infarction (three and five times the upper limit of normal, also for post-procedural myocardial infarction) did not influence results.
Furthermore, the more sensitive definition of spontaneous, not procedure-related, myocardial infarction as applied by the clinical events committee (at least one creatine kinase MB-fraction value above the upper limit of normal) may have prompted this committee to declare myocardial infarction before the procedure, whereas during the procedure much higher enzyme elevations had occurred. This may explain the greater than expected benefit from pre-procedural events in patients undergoing percutaneous coronary intervention on days 2 and 3 and the smaller than expected benefit of eptifibatide in peri-procedural events on days 2 and 3. Thus the overall 30-day death and myocardial infarction rate will be more reliable than the rate recorded for pre-and post-procedure intervals. According to the opinion of the local investigators, the difference in pre-procedural myocardial infarction rates between placebo and eptifibatide in the days 2-3 cohort was smaller (6·3% vs 2·9%; P=0·043), but the difference in peri-procedural complications larger (7·6% vs 3·6%; P=0·029). Using investigators' assessments, the reduction of peri-procedural myocardial infarction by eptifibatide was similar on day 1 and days 2 to 3. Furthermore, this analysis compared the improved outcome on 30 days for patients undergoing intervention at day 1, while receiving eptifibatide (P=0·011).
Conclusion
The present analysis of data from the PURSUIT study suggest that patients with acute coronary syndromes without persistent ST-segment elevation undergoing percutaneous coronary intervention benefit most from early intervention by a glycoprotein IIb/IIIa receptor blocker. Deferral of percutaneous coronary intervention has no advantage once the decision has been made to perform angioplasty. If percutaneous coronary intervention is deferred for practical or logistic reasons and is performed in a more stable setting, it will be useful to continue intensive antiplatelet therapy or to restart such therapy at the time of the procedure (also beyond day 3).
These findings warrant confirmation by a prospective study, randomizing patients to very early or deferred intervention, while receiving intensive antithrombotic therapy before and during the intervention.
